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m 

1(a) Operation»! Report. 
The foUowint aigml (021* 37B afry 1?«*) «a» reoeiwA 

fro» the Ssoort Carrier ÄU.3. TRAßn».    TV* Hfc a*urinfc» taken 

of. aircraft require different corrections tu boaring* taken *a* 

sv.n-fsoe tranaen,s3i>i.-i".s". 
k tentative answer (OVO^TB toy '•%**) ko the above 

signal suggesting a aioaiXird V? prcoedure tor aarcr«vft nevl- 

ö-itian ma made pomir.f. invest* vjatxor..      T':w 3fo;:ial 

pioaooivi-M aäv;ciutuä i.i <;j.v«m m 31aiv»a !> at' tno signal; 

"rtoncur.£ cue results of txiale, aircraft should V» 

instructed., when J^P beari.-.^ is r't'jttired,  to Kjnpleta an orbit 

while Atan«aA<-uv;t -a-*» the bearxnj & »on shaulA be the stoan of 

the ectrene boniinga'1 

H:     Operational Retnufrewmts. 
Tht deveiopunnt of the existing naval M/? D/P outfit» 

resulted fion the oiw«ts.cK»l repair«-» »<r. of obtaining bearing» 

upon H/? transmissions from .jrarface vessels       It appears 

dasirahlo to invosti^to the possibility of utilising the fixed 

orossod looj 3/** D/P outfits,  (FB3 aid ?Hi») at pvssent installed 

In fl«at am Escort 3su.T3.ura to assist   in the navigation of 

carrier-borne aircraft for honing, rant« estimation and taking 

fixes.      This is t< rotter of sou» importance,  partlouiarly as 

the development of othei  typ«» of D/j? aerial systems, which 

reduce polarisation errors ann are also suitable for employment 

at sea, ha» m-.t with jci<siiux>.'ole difficulty. 

1(o) Errors in I^V Bearings at Aircraft.. 
It it -..«11 known V.ia*  ..SÄTootion is an.de for the sits 

errors ooournnt with shipbovne H/P D/f outfit» by a standard 

surface calibration      Tiwse site errors are due to the 

production of a secondary field re-radiated from the ship's 
/hull  

• I'ma propoaco. sptoi*.. D/i' proo'siu-e will lo ra?«rso&. to   - 

subsequently as the "orbiting method". 
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üull mad super-structure, and their magnitude depends upon the 

intensity «ad phase of this secondary field relative to the 

primary.  In the ease of airoraft transmissions, the phase 

and magnitude relationships between the primary (oomposed of 

the direct and ground-reflected waves) and the secondary 

(re-radiated) fields alter according to the angle of elevation 

of the aircraft.  Consequently, in general, the errors will 

differ from those encountered in the surface calibration at the 

corresponding frequencies and can attain greater Magnitudes. 

The calibration curves will be further affected by polarisation 

errors (so-called "aeroplane effect" errors), the magnitude of 

which will be dependent upon the type of aircraft transmitting 

aerial and which will increase with airoraft elevation  These 

factors, affecting the magnitude of errors arising when shipborne 

B/P V/9 outfits are used for taking bearings of aircraft, are 

discussed in greater detail subsequently. 

1(d) Purpose of Investigation. 

In pursuance of signal 01*1317B it was decided to carry out 

a theoretical and experimental investigation of the pertoraanoe 

of shipborne crossed loop H/F D/F when applied to the problem of 

airoraft navigation-  This was principally undertaken, 

(i) to determine the limitations of normal D/P procedure 

(i.e. that used for surface transmissions) when applied to 

airoraft navigation, 

(ii) to verify that the suggested modified D/P procedure provides 

a greater degree of accuracy than the normal procedure when 

bearings are being taken upon aircraft transmissions. 

2.  THB0RBTB3AL IKVEiglQsTiqK. 

2(a) General. 

Hhen an airoraft is transmitting during flight and. its 

bearing is determined by means of a direction finder of the 

simple rotating loop or fixed crossed loops type, errors, which 

are generally serious at short distances, may arise in regard to 
/the  

.z.:.  :«c*»»"--'-.--^ -.if^ittty 
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tho determined beerinc.  Thi« phenomenon 1» tana aa 

"aeroplane effect." 

For a direotion finder of u. . »p tvPc> •**• inclination 

of the direction of travel of the incident nave will not alone 

produce error« or blurring of the determined bearing provided the 

electric vector of that wave remains in the plane of inoidenoe, 

i.e. provided the incoming wave is plane polarised with its 

electric vector in the plane of incidence (normal polarisation). 

Unless the Zi/f aerial system is specially designed, however, the 

presence in the electromagnetic field of an electric component 

perpendicular to the plane of incidence at the direotion finder 

(abnormal polarisation) causes, generally, a deviation of the 

true bearing of the transmitter accompanied by blurring • 

x      In terms of the magnetic veotor of the flelo at the direotion 

finder this consequently requires that the magnetic veotor should 

kin perpendicular to the plane of incidence. 

/      This component oan arise, of course, even though the Incident 

wave be plane polarised, and will always be present when it is 

elliptioally polarised. 

/     Exceptions to this general statement arise if 

(i) the electric component perpendicular to the plane of inoidenoe 
is in phase with the component in the plane of inoidenoe or this 
latter component is absent.  Under these conditions, of course, 
the wave is plane polarised.  There is then deviation, but no 
blurring. 

(ii) The horizontal eleotrio component is in phase quadrature with the 
component in the plane of incidence, when there is blurring but 
no deviation.  (The incident wave is then elliptioally polarised 
but generally such polarisation will produce both blurring and 
deviation). 

* 

«€*^T 
• " • *•*•*•••—•« ,     • _  ... * i- ^ * 
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Juan polarisation errai-j are not eliminated by direction finders 

csploying either a sia«>le rotating loop or fixed crossed loops, 

and, conseq.uen~.iy, the possibility of their ooourrer.ce is to be 

anticipated whenever aujh ft? systems are used. 

The form of  aerial generally ad >pted in modern aircraft is 

of the inverted -L type.  Thi3 usually consists of a short 

vertical portion (of the order of 0-6 to 0.8 metres long) and a 

horizontal portion (of the order of 5 cictres long;, running 

roughly parallel to the fuselage of the plane and towards the 

tail.  The vertical portion of the aerial is usually set at 

some distance from the noae of the machine. 

Formerly, long trailing aerials were much in use and It 

was front observations of transmissions from these that errors 

due to aoroplane effect (in some WMa very considerable; were 

first reported.  V/ith iaodom demands, however, suoh aerials have 

largely fallen into disuse and are employed now only in slow- 

flying aircraft. 

For H/p transmissions from aircraft, a short vertical 

aerial is sometimes adopted. 

Considering, for the moment, the distribution of current 

in thu aerial alee the inverted I. and trailing types mentioned 

abovi. '.".icn used :' i transmitting from an aircraft, clearly 

pjrqpagata a wave -l.ioh, incident upon the direction finder, will 

contain a component of electric field perpendicular to the plane 

of incidence.  The possibility of abnormal polarisation cannot 

be overlooked even when a vertical transmitting aerial is employed 

since, whenever an aircraft transmitting with such an aerial is 

banking or changing height, the conditions are Just those causing 

the presence of a horizontal Ttifi III lint (under such circumstances 

the conditions produced by a shoit vertical aerial and a 

trailing aerial become analogous). 

In addition to these aerial currents, the return currents 

in the structure of the aircraft will themselves contribute to 

tlie majjiituce and nature of the radiated field.      Aw 

"*«Sv73^HESi2 
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.•'or the case- o:' a lon^ trailing aerial, it is reasonable in so 

far aa their effect upon the radiated field is concerr.od, to 

i eglect the contribution of these structure currents since in 

whatever part of the structure they flow, their "effective height' 

is necessarily aaa.11 compared with that of the aerial currents. 

?or an aircraft employing an inverted -L aerial, however, no 

such aasxaaption nay, with a reasonable approximation of the true 

state of affairs, be made.  V.':.iie it is to bo realised that the 

current will be distributed over both fuselage and wings, it is 

olear tit t the capacitative effect between the horizontal part 

of the aerial and the adjacent part of the fuselage will cause 

a considerable proportion of the return current to flow along 

this part of the structure, the remaining part being contributed 

by a flow along the wings mad  the part of t'.ie fuselage forward 

of the vertical portion of Vtm  aerial (see ?ig. 1).  It is 

considered T*hat for the '•'•• i„c type oi' inverted -L aerial not 

more than 20',  (in the most disadvantanta^cous case) of the 

current in the horizontal limb of the aerial is unbalanced by 

the return current in the adjacent part of the fuselage. 

The transmitting aerial of an aircraft, together with 

tile aircraft structure, constitute generally, therefore, a 

complex oscillator propagating a direct wave which, incident 

at the loop direction finder, contains in addition to an 

electric component in the plane of incidence (normally 

polarised component), an appreciable c\~. -.tie oaapoMMt 

perpendicular to-the plane of incidence (abnormally polarised 

component) which may or may not be in phase with the normally 
x 

polarised component.  The effect of this component will 

generally be complicated by the corresponding component in the 

/wave  

In general, it is to b* expected that the normally and abnormally 
polarised can«-' I (rt "•        phajWl - i.e. the reoeived 
wave »iU V"   Li* .ically pclaiisec 

" 

!»"•»MPP mTT. 
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«Kv« reflected fro« the ground.      Under those conditions,  the 

state of affairs arising at the direction finder is of a similar 

character to that produced by the More familiar case of a 

transmission containing an appreciable "sky-wave" ccraponent. 

The at;alogy between "aeroplane off «of and "nignt effect" »ust 

not, however, be carried too far, since they are due to entirely 

different saue^s and,  in the former case, steady conditions arise 

at the direction f uvier, whilst in the latter, the effects arc of 

a transient nature-      It is therefor« to be ejected that aero- 

plane et feet iiill manifest itself by a constant or (due to the 

motion of the airoinfi", steadily varying deviation of the "&/S 

bearing and considerable blurring whilst, with night effect,  it 

is Wi.ll known that a wandering bearing and variations of 

blurring axe eiwovrvhered, evur. when bearings are taken upon a 

stationary transmitter. 

As indicated in paragraph 1(c) in addition to "aeroplane 

effect" error» duo tc the abnormal polarisation cf the pr-usar. 

(direct and ground-reflectad) fields,   the problem of direction 

finding on aircraft when shipbome 11/? D/P outfits are employed 

is further complicated by .site effect-      The phase and amplitude 

relationships between the primary field and the secondary field, 

re-radiated from the ship's hull and superstructure, depend upon 

the angle of elevation and polarisation of the primary field- 

This results in site errors different i vom those encountered in 

the surface calibration at the -uiresponding frequencies. 

2(b) Conoept cf the "ideal" trailing aerial in free space 

It is, perhaps,  no- nut of place to state sieve the complete 
a 

problem which presents itself in considering any attempt to 

oalculat'j the   'aeroplane effect" cirors produced v/hon bearings 

are taken with a loop direction finder upon a transmission from 

an aircraft in flight. , 

i 

In so far that both are polarisation effects,  "Sky-«ave" is the 
result of «-efv^rtion team the ionosphere. 

^jtciuiiiig tha pxoi.*«m i» 
latex 

H      «AA'OiA       -l«**»i*     l'.4.Jk.A      MW 

..£•.*<*» <•!* 
—•-^-^.-T-. V 

.-*•*»- •• 

..•»•-' 
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A soopl-t~e sokr^,. -.i_a yroK-» i-ewlva ir.seli  li'.ta a 

-ansi&u-atxon or the follawiafc;- 

(1) the detersiaa-.ion of the distribution of current« la the 

*;i-an««ittinci system, via. tte aerial and the airoraft 

structure• 

(11) the calculation of the field of the direot eleotroamgnstlo 

wave at the direct., n linder due to this ourrent 

distribution. 

(ill) the calculation of the total (primary) field at the 

direction finder due to this direot nave and the wave 

reflected from the ground.' 

(IT) The errors in D/2 bearing and the blurring which sill 

arise from the presence in this total field of an 

eleotrio oomponent not in the plane of ineidenoe of the 

direot (or ground-refloated) wave. 

The obvious difficult/ and complexity of such a task Makes 

it apparent that to attempt to solve the problem without very 

considerable siaplifioation is impracticable. 
x 

It has been shown that, for an "ideal trailing aerial 

(nagleoting for the moment, ground-reflection), the D/7 bearing 

actually obtained with fixed crossed loops, is that of the point 

where the line of trail meets the horizontal plane (see Pig. 2). 

The term "ideal" is applied here to indicate that the line of 

trail is assisted to be straight and also that the return ourret.ts 

in the airoraft structure do not contribute to the radiated field. 

In other words, the "ideal" trailing aerial corresponds to an 

isolated dipole in froo space.  (These conditions are more a,- 

less satisfied in the case of L/? and li/P  transmissions from * 

long trailing aorial) •  Under auch oircuB>stances the t'ollo7/i:;t. 

conclusions regarding the order of magnitude of the rssv.'.ti;.^ 

i 

• 3ee Air Ministry Wireless quarterly report for quarter asiilnfc, 
31st Uaroh,  19A-      "Location b.v wireless iyl' methods W 
Airoraft at short ranges". 

sM' 
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an or (äoe Appendix 1) may be drawn. 

(1) The error la r.oro only «hm the aircraft ia flying in the 

plan« of aiji- - i.e. either directly towards ( homing J or 

sway fra» the direction finder.      This will ce tx> • for 

any haigÄit &nd diatar.cc of the alreraf* fron tha direction 

finder -  i.t- for any .».tgla of elevation of the aircraft 

a* measured fron the direction finder, 

(ii) Vor a definite angle of elevation of the airoraft fro« the 

direction fitrt«,  the error is independent of the dlatanao, 

but doponds on the diiw.ti.an of flight, and, for certain 

direction»,  passes through a r^aximiu£» (see para.  2f(i, 

and (il))-      These diroo+j oiu» <v a wit  s-.hosc giving tha 

"broadside'    error JG   (see Appendix 1).     The errors e 

and*.^ zxA the corresponding uirejtior.3 of flight usually 

differ little one from another, but should bo distinguished- 

Clii) the magnitude of the inaxiauin error diminishes as the angular 

elevation of the aircraft diminishes, 

(lv) In particular, «hen the elevation .of the airoraft exceeds a 

certain liait, toe maximum error, disregarding sense, is 

always 9C°- 
Zt should be noted that in the above diaouasion of the 

errors to be expected, it is assumed that the angle of trail of 

the aerial remains constant.     ?or an actual trailing aerial, 

however, this angle will depend in practice 'upon the speed of tha 

airoraft,  so that the Maximum error to be ejected for a 6ivon 

elevation of the aircraft will ul.5,0 depend upon ^bio factor 

Subsequently,  it -.vill bu shown hon a clearer insight into 

the acre general problem of oatwati'-o the  'aeroplane effect" /errors. • 

/ •Broadside ^polarisation error "is "defined ii *the~ör?w~wcürränjl 
when the a:\rcraft is flying on a transversal course (i.e. 90° 
from the line of sight)- 

This angle <*« is the c raup lament of the angle of trail t   of the 
aerial - i.e. a« * 90° - 8 • 

«.j.  J 
•--3.-«- 

•-••   • •> •»•.— -%»- • ,-       -,3:-*?-'" **"' •*"' •" *.   **-*** *—"* •    _Z"~  -i» 
» —   • •• .. . -   •   . i«»*    <••-•-*•   -—-»» • 

*T  ' '..... •--•"i-j..    ••^"TT^ "•» * ~*T'-* * r'   ,,y '•   "' 
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«Tora duo to tbo lnvortod L typo eariol la aircraft ting' 1M 

obtained by tho application of tho oonoopt of on oouivelont 

'ideal' trailing eeriel, 
»ffoot of tho aaaaaaa a£ JSa ayfo <» jfta yoiariaotion asaa» 

Tho oonoidomtiona of paragraph 2(b) hcyo boon. : uxdo 

Ignoring thu oerth' B of foot upon tho propagation of tho •»•»OB. 

In praotico, thu ; »agnituao of thu orronj otuinot bo prodiotod by 

Oonaidorlng tho abnomol polarisation of tho dounooniag \ftm» olono, 

sino* tho actual f iold oa rparod trlth tho froo~spaoo flaid, \.lll 

bo greatly uoAifiod, tho proaonao of tho ocrth produoing ruflootion 

frcn tbo eurf000 end diffraction duo to tho ourvaturo. 

Tfhon tho airarof t \.hioh is transmit tine is \/lthin tbo 

optiool rengo f row tho dirootlon findor and tho path of tho diroot 

ray 1B not too noor to graaing inoidonoo, tho prluoxy field nay 

bo obtained by applying optiool ray thooxy (3oo ffis.3 and it), end 

•wrong tho fioldo of tho diroot and cround-rofXootod -.«woa. 

Tho nagnitudo and phono of tho ooupanontB of tho ground» 

roflootod wave et thu dirootion findor dapond upon - 

(i)    tho properties of tho refloating surfcvooi 

(U)    tho height of tho D/P aorlol uystai above tho ground) 

(lii)    tho angle of inoidonoo of tho diroot \mm% 

Tho ourves of Fig.5 aha.; tho piano tmvo roflootian 

oo-offioionts for son \mtor at 3, 7 and 16 HO/B.   For low englo« 

of inoidonoo tho nagnitudo of the roflootlon oo-offioiont for tho 

nornaUy polariaod oonponont reaohoa a uiininun at an onglo of 

olovation ^/hioh in this band dooa not ogoaoud 1°,   Provided howovorp 

tho englo of Inoidunou oxooods aporoxi.uxtoly 5°, aoa inxtor nay 

bo regarded as an cilioat porfoot roflootor in tbo ti/k band     ....<> 

nt   It is found gonaidoroily oaaior vhon dealing v-ith problem 
involving tho pick-up of loop ooricla to base tho 
considerations upon tho .lagnotio vootor of tho field, 
Bxtruuo ooro is noooaaary to avoid Inoorroot oonoluolono 
v/hon oonaidoring tho oloctrio vootor. 

K   Tho angln of inoidonoo corresponding to thia utnii.iuu, tho 
eo-oallod pnoudo-Brovator englo doponds upon tbo f roquonoy. 

ft* 
V^M^^.»;'^    t*LJ   /.t, '   "" 
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Xt.nL       Jonae 4ui:.tl. the -er -;la;;v .Vic;:'. «JV.*ä i'or a laop 

direction finder ;>rodic«c& in ,ara. Z(b; are in this -n*c only 

alightly .iicot-st. V thi sea-reflected wave. 

In s-.v.-siuering the street tt variation of tiit height of 

the H/> oeri&l cbove the jarth'a surface, tt la meet»'«»*'} to *fc,ie 

Into acoount the Oif f erense in phase between oorresponding 

oamp^.sr.ts of the dirc:;t and reflected eaves, oausod by the faot 

that the tue •saves will have travelled different distances.  Xt 

in, however, to be expected that, for any elevation of the V/f 

aerial .ystom, the conclusions of the previous paragraph will 

hold, since in this oase the reflected cuaponenta will affect 

both the normal and abnormal polarised components of the direct 

."iulü .:. a insular way to that in which they affect corresponding 

• Ots%r<nx:.t:- ut the earth's surface. 

"ia. auivis of j»ig. 6 and 7 have been drawn, assuming per- 

fect ,>• \-i~-i-af lootion, showing the magnitude of the total 

imyn-%.j j.jpononts as a function of height for various angles 

of ulev&tion at' V.-.0 aircraft with an "ideal" trailing aerial, the 

angle of trail ( 8 } being 3t>°-  It is seen that under these idea- 

lised conditions the horiaontal components Bx and hy of the 

magnetic field vanish together at certain heights above the 

reflecting surface.  (These will be called the "cancellation 

heights"),  in the presence of the primary field alone, the 

V/t bearing is determined solely hy the relative magnitude of 

these horiaontal components so that at the cancellation heights 

the V/f bearing oould not be determined bt.-r.i»s the signal would 

var iah-  In practice, however, at these heights, the signal is 

reooived only on the nsoondary field produced by re-radiation 

front '-he ship's hull and superstructure.  The cancellation of 

the horiaontal magnetic components of the primary field oceurs 

only at certain fixed heights; at other heights the direct and 

reflected waves can add.  The superstructure can therefore be 

energised by these horiaontal components as well as the vertical 
/component. 

II    -*• •" 
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i 5 

owycnttit ana proouoo a oa—UawMUi ro-raÄiatod flold at tho 

loops, '..hilat tho priaary flold la offootivoSjr BOM».   Dndor 

thooo oorditiona, of oourao,  orrora and blurring can bo axpootod 

of air/ oagnltudu up to 90° rondoring H^ S^ oonplotoly 

Icairaotioablo.   Tho onclo or angloa of olovaticm of tho airoraft 

at uhloh tho horizontal ocepononta of tho priuary field vanish, 

for a given froquunoy and hoight of U/f f renoooil, \dll ho 

roforrod to in futuro as tho "cunoollntion anglo" ( or angloa) 

for that huißht and froquuncy. 

Slnilar reasoning to tho above holds, to a oortain extent, 

for ruflootion fro» a nomal aoil for auffiaiantly stoop inoidonoo 

(angular olovaticm of tho «iroraft oxoooding apprcodaatoljr kS°) • 

Vor luaa stoop Inoidonoo, tho nomal and abnoxtial oocjpononto of 

tho grouno-rof lootod f iold ara of dif f urojtfe phaaoa and 

magnitude so that they \/ill ooribi.no \/ith tho oouponcnta of tho 

oircfet flold diffurontly.   This offoot la oapoclally notlooablo 

bolov tho paouco-Brovstor anglo for olthor aoll or aoa rufloatians 

sinoo in this oaso tho resultant noxtiaUy polarizoa oa.ipont.nt \.ill 

ho oonaidorably roduood.    In tho ty4? band tho psoudo-Bruwotor anglo 

. la of tho ordor of 12° for aoil and 1° for aoa so that thia offoot 

oan ho oxpootod for angloa of olovation of tho airoraft produoing 

aluoat graaing inoidonoo of tho dlroot ray.   It la oxpeotod that 

variations of tho orrora and blurring fron tho values In froo. apaoo 

wight rooult. 

Whan tho transmitter la Just ..ithin tho optionl rango from 

tho dirjotor findor so that tho dlroot ray opproaohos graaing 

Inoidonoo or \/hcpn tho D/P la not voll -.dthin tho diffraotod flold, 

ray theory is no langor valid.   Thoorotioal oonaidorationa aoom to 

indloato that tho "aoroplano offoot" orrora (..hioh uould ho 

nogligiblo in froo apooo) night booowo of ai>jxuoiablo nasnitudo. 

It was proposed, oonaoquontly, that part of tho osporinantal program» 

should inoludo a sorlos of oaeporiwanta to Invostlgato tho   phenomenon 

under thoao oonditions. /it  « 

•JW mm 
•-^-a^'T^^jU^"^"*. - 
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At ranges «all outside the optical,  the diffracted fields 

due to vertical (normally *elarisedj and bori»-ntal (abnormally 

polarised > eleotrio dlpolea ware oomfuted upon the couplet* 

electromagnetic theory.      These commutations Indicate that the 

normally uolarised component of ths field is overwhelmingly 

greater then tht abnormally polarised component, and it Is 

therefore expected that for suoh ranges,  very snail error» due 

to aeroplane effeot my be mtlalyated. 

2 (d) Electrical Equivalent of Aircraft Fixed Aerial. 

So for only the theory of the "idtrJL" trailing o*>rl*l and 

ths effects of ground reflections have been discussed«      This gives 

sn approximation to the oase whioh is realised, in practice, by an 

airorof t transmitting at H/P (>nd ii/F with a long trt.iling aerial» 

It has been pointed out in paragraph 2(a) that, for the 

inverted L type aerial, now almost universally adopted in airarsft 

(end, indeed for a short trailing aerial» it is not legitimate to 

nsgleot the effeot of the airoroft structure ourrents in any attempt 

to obtain a simplified theory by whioh the approximate magnitude of 

"aeroplane effeot" errors may be ooloulated under specified 

conditions.      The aircraft structure ourrents have already been 

dlsoussed in ^cragrayh 2 (a),  rind Fig.1 indicates what is considered 

to be their distribution for an airoroft employing ua avorage type 

of Inverted -L aerial,  assuming purely arbitrary amylituüe 

relationships.      It is considered that the currents making the main 

contributions to the radiated field are :- 

(1)      The current in the vertioul portion of the aerial and the 

unbalanced ourrent in the horisontal limb and {or) fuselage, 

and 

(2)'    the balanced ourrents In the horisontal limb and adjacent 

part Jt the airoruft structure» 

A simplified electrical equivalent of the transmitting serial 

and aircraft considered on a copies oscillator will then be given by 

AD- 

4.«..?' »« 

.'*»•-' "'^.r .«»V" 
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(1) the "ideal" trailing aerial equivalent to the current 

distribution (1). 

(ii) the loop transmitter corresponding to the distribution (2). 

Knowledge of the "effective height' and "angle of trail* 

of the former and "effective height" of the latter (both of which 

would naturally be expected to vary with frequency) would permit 

the calculation oi the approximate magnitude of the "aeroplane 

effect" errors and blurrings to be expected for prescribed 

conditions of elevation and direction of flight a.  she aircraft- 

Irovidod only the order of magnitude of errors is sought, 

tho effect of the balanced currents in the fuselage and horizontal 

limb oi' the aerial may be neglected at the lower frequencies 

(bolow  ' ('   say •..  Assuming a typioal aerial of the dimensions 

and current distribution given in para. 2(a), the effective aerial 

system can be considered as an inverted -L carrying a uniform 

current distribution, 1, in the vertical limb and a triangular 

distribution (a rough estimate of the maximum value of the 

unbalanced component being 1/5 I) in the horizontal limb.  By 

considering the "effective height" of such an aerial, the system 

may therefore be replaced by an equivalent "ideal" trailing 

aerial inclined to the vertical at approximately 35 and, in view 

of the remarks above, the order of magnitude of the error to be 

expected for any height, distance and direction of flight may be 

readily calculated.  (-.sec para. 2f (iii)).' 

At the higher frequencies, the effect of the balanced 

currents may no longer be ignored and actual computation of the 

errors would require, in addition to the equivalent trailing 

aerial, uon.tderution of the oat of phase contribution to the 

field due to theau e«rw*m. Iths»n*bs«p considered necessary to 

/attempt.. 

In 3?ig.  1 ., for the sake of clearness of drawing,  the currents 
are taken in entirely different proportions. 

i 
—'— 

.^••..^ 
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attorn?'. to calculate the errors at these higher frequencies, 

particularly in view   :' the complication due tu site error W....M 

arises in practice and has been discussed previously.      It should, 

however, be realised that at these frequencies the errors and 

blurring «ill probably be in excess of those which would arise 

under identical conditions (with regard to height, distance and 

direction of flight of the aircraft; at lower ffrcquencies. 

2(•) Uethod of Experimental Petenaination of tiie A'jfily of Trail of the 

Equivalent  "Ideal" Aerial 

With perfect ground refleutiou and in tho absonoc of a 

secondary field due to site rc-tadiation, at any frequency, the 

angle of trail of the "ideui" auria'l equivalent to (i.e.  giving 

the same "aeioplane ui'focv." errors as) a given typo 01' aircraft 

and aorial can be experimentally determined.      This is done by 

measuring the maximum or "bi    . .aid'.-" error in the D/V bearing when 

the aircraft is flying at • . nowa distance and height (i.e. a 

known elevation) and applying the cotresponding formula of 

Appendix I.      Actually the determination of this a:igle,  from 

a knowledge of which (neglocting the contribution of the balanced 

currents mentioned above) it is possible to predict the order of 

magnitude of the "aeroplane effort" orrors at any height and 

distance,   is complicated by the presence of a site error in 

addition to tho "aeroplane effeat" error. 

It appears that the moot effective '.«ay to separate tho site 

error from the "aeroplane effect" error in the case of shipborne 

D/P outfits,  is to pen'onii a oaliu»..'-' >ri of the outfit with a 

transmission from the aircraft oi      in., *t a oonstant height and 

distance.      The "aeroplane effect" error for this elevation may 

then be taken approximately as the average error occurring through- 

out a oompletc "swing".      This is the "broadside" error.      It is 

assumed that the average value of the site error throughout .". 

"swing" is zero and that the two types of errors may be     >n3idore 

as "additive". 

/2(f;- 

• ii .1 .m 
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2(f) arsahlnsl Illustrations of "Aeroplane affect" Errors. 

Curves giving illustrative numerical data regarding the 

order of magnitude of "aeroplane affect" errors to be expected 

under various conditions have been drawn in Pics. 8, 9 and 10. 

In preparing these curves the effect of ground reflection has 
MM 

been neglected, 

(i) Pig. 8 gives the maximum error in the D/F bearing as a 

function of the angular elevation of the aircraft for 

"ideal" trailing aerials of various angles of trail. 

(ii) Fig.  10 gives the error in the bearing as a function of the 

direction of flight for various elevations of the aircraft 

(a varying from 10° by steps of 10°}.      In this case an angle 

of trail of 35° is assumed. 

(iü) Curves of the maximum deviation of the V/f bearing, as a 

function of horizontal distance of the aircraft from the 

direction finder, for an "ideal" trailing aerial inclined at 

35° to the vertical,  have been plotted in Fig* 9*      These 

curves are drawn for an aircraft flying at 1,000, 5,000, 

10,000 and 20,000 ft., talcing into account the earth's 

curvature.      The errors nay be regarded as an indication 

of the order of magnitude of the maximum errors which can 

be expected for a typical fixed inverted -L aerial. 

3*    WSBSBBOt PwsariamoN. 
3(») Oeneral. 

Sea trials were carried out between 1/8/44 sal Hi/8/44 in 

the Clyde Area with H.II.S. SAlffBURN equipped with an K/9 D/F 

outfit PH4 which employe fixed crossed loops.  Air co-operation 

was provided by 739 H.H. Air Squadron operating from the R-A.F. 

Air Station, Ayr.  During the first part of the trials, H.It.S. 

SAUEBQUf was accompanied by H.Id. Drifter Flow. 

3(b) Purpose of sea trials. 

In an effort to substantiate the theoretical considerations 

_^_r_ ifi 
MX This is equivalent to assuming that the oarth acts as a 

perfect reflector. 

<-;yjj£P-. 

•  ..>£•*•*• - 
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of Section Z and urar the problems of paragraph 1(d), it was 

pxopossd that tha experimental investigation should consist of:- 

(i) Determination of tha equivalent angle of trail of diffarant 

types of aircraft aerials at various frequencies and, for 

trailing aerials, various speeds of the aircraft.      It ana 

proposed to effeat this by calibrations with aircraft 

transmissions of a fixed orossod loop IS/f H/f installation 

in H.M.S. SalffBtRJf, elimination of the re-radiation errors 

being effected graphically.      (Sea paragraph 2(t#/- 

(ii) Investigation of the effect on the calibration curves of 

varying elevation of the aircraft and of the possibility of 

alroraft-transmission calibration. 

(Hi) Investi&ation of the effect of the cancellation angle of 

incidence upon the calibration curves. 

(Iv) Determination of the accuracy of tile normal D/? prooedure 

appj.j.eu to homing of aircraft. 

(v) Determination of the accuracy of the "orbit-: .i±, method" 

applied to aircraft navigation (homing and fixes). 

(vi) Determination of the equivalent angle of trail of tha aerial 

specially constructed for investigating the polarisation 

errors at grazing incidence. 

(vii) Investigation of the polarisation errors at gracing incidence. 

3(c) Ship's D/fr Installation. 

The cathode ray B/V D/P outfit BH4 was installed in 

H.H.S. SAWBTON, the fixed crossed loop frameooil S25B being sat 

at tha top of a 50-ft- combined lattice and pole foremast,      (gaa 

fig. 11). 

3(d) airoraft Transmitting Installations. 

Transmissions «ere made from a Faimy "Fulmar" and a 

Fairey "Swordfish" aircraft.     The M/9 aerials normally employed 

in both these aircraft are of the fixed inverted L-type. 

Additional tests were made employing a trailing aerial in the 

"Fulmar", Fig.  12, and an aerial specially fitted in the 

"Swordfish* for tha purpose of investigating the polarisation 
/errors.•. 

•saffr 



K.780. Pago 17 

orrore undor apooiellaod propagation oonditlou». This Xattar 

aorlol, details of ittLob ero shown in Pig. 13, UM doaignod to 

produoo a high poroontago of hortaontal, polartaatlod In to« 

oontro Uno of tho airoraft, 

9(o) ?roquonoloa 

Tronaniaaiona vioro aedo on frooaonoloa of V.2. 6.V5» 

8.925» 14.625 KO/B.   Tho firat throo v/uro tho noaroat arallablo 

froqtionoloa to 'tho axtroooa and noon of tho froqiionoy bond in 

oporational uso for aircraft.   Tho lattor froquonoy \ms adopted 

for tho purpoao of invustlgating tho polarisation aorara «Boor too 

epooiellaoft. propagation oonditlona rannticnod in para. 2(0). 

3(f) Trial groooouro 

Tho trials oonaiatod oft- 

(i) Oalibration at tho toat froquonoioa of too V/Sf outfit VBfc 

In H.M.3. aAlCBUBM \ri.th transniaaion» fron a aurfaoo voanol 

(H.M. Drif tor VIM) . 

(11)        Calibrations \<ith transmission« fron the aircraft olroling 

at difforont heights and diatanooa and employing tho norraal 

fixod anä trailing typos of ooriala. * 

(in tho oaso or tho trailing aorlol "swings" mado at a 

fixod hoight and diatanoo of tho airoraft from H.M.3. 

SilffiBUHH, l.o. at a fixed olovation, voro ropoatod at 

dlfforant epooda). 

(iii.) Observations of tho variation of boaringa vAvon tho airoraft 

"orbitod" on a fixod atralght oourao at varioua diatanooa 

us to €0 railoo. 

(IT) Observation of boaringa during atralght fllghta along too 

oontro Uno of H.JJ.S. SilüBUHN (5 »Uo> out, rotum, and 

5 fidloB in too opposite dlrootion end roturn) oraploylng too 

Bpooiol aorlol. 
/(•)   

Owing to tho unoortainty on tho port of tho airorav of 
Maintaining a noarly oiroular oourso about H.M.S. SAUEBOHH 
too olovation anglo of tho airoraft \ma iwasurod 
etaultanoously \<ith tho visual end irfs boaringa. 

I 

»^~~ 
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Fage lo. 

(v) Observation of bearings as In pare, (iv) text for flights up 

to 60 miles.     During this part of the trials, continuous 

9ft V.V/9 communication (120 Mo/») between H.M.S. 3JOTBCR» 

and the aircraft «as maintained. 

WD JLKM3SE. 

V(&) general discussion of the aircraft calibration curves. 

"Sfith a given airoraft at a given elevation and for a given 

frequency, the curve* of error and blurring oould not be repeated 

with the same degree of accuracy normally obtained for surface 

calibrations.      Typical examples of the actual variations 

encountered «hen attempting to repeat a calibration are given In 

Vi&j. 14--22 and nay be compared with that of the surface 

calibration curves at the corresponding frequencies in ?igs. 23-26. 

This inaccuracy in repetition of a calibration would appear 

to be due to difficulty in keeping the aircraft at a constant 

elevation.     K certain amount of the "scatter" of the observation» 

may definitely be accredited to lna»curacy caused by the speed at 

which it was necessary to make the observations. 

the curves given in Figs. 27-50 and to which reference will 

subsequently be made as the "aircraft calibration curves" have been 

derived by taking an average from sevorui "swings", except in the 

cases fthero this variation from "swing" to "swing" exceeds 20°. 

(The mean angles of elevation of each set of swings are marked on 

the curves inside a circular nrrnw indicating the direction of 

• oirulii-ig of the r.iraraft).     The ca'Ubj-vtlon j».ve reasonable 

repetition of results and fairly smooth curves for different swings 

in all oases except the falloying:- 

on 6.4-5 Uo/s for all aerials with +he elevation of 35°} 

on 8,925 Ho/a for Fulmar trailing and ?ulmar fixed aerials 

with the elevation of 35°. 

(see figs- JO, 31, 32, 33 ana 34).     An attempt to explain these 

anomalies is given lr. para- W{c)- 

In general, the calibration curves obtained with aircraft 

/transmissions..• 
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trmiBiMS»iom ^Äiibi-; tVw allowing characteristic : -.Then ccss>areä 

.... •..     . _-. i       .'.-. :•:•-.  ..    t  the  :rers;..a-.:v. •. re^uency:- 

(i,  •„.-. ,.r»o&tioR3 arc ir-ce.ted throughou:; t'le sffing by 

I ..\. fOlaril .•—en man,   r.nd the shape of the curve i"» 

tfesM   ntotUtlftUy dhaagaft. 

(«!,   . M ~.-er%£e bliuving is .-';2h iicreissi 

'.'.'.«.eas ''or surfac? <si*acMUS»ions.   cr. »1   V/l» '*rr*.£S 

Rjvi all ;'.•«;.;• .i.l.£iti'.,   t.ke s«-i>: »• iiviiojt". -:•» w-j;-.    .  : : .--t ar..- 

iciia'.li   i. i  -::;u wirsi'ait traMBlMlMW tlw snnse j ;.:'uraai -   *»a 

en-A tic      foe soae frequencies ai.ü elevations the sense 

lattOttticna r«re definite  -:.J correct, whereas for others (over 

M\JS u4 _-..let« circlesj it was unreliable and incorrect. 

'-'he aircraft calibration curvus at if-2 He, a exhibit no 

wr.vs.ual characteristics (see ii^s. 27,  28,  2?,  i°, W) and 41), 

the average correction showing a decrease as the elevation of the 

aircraft tm» diminished.      Chance of the clirootion in v.hich the 

aii'oraft circled H.H.3.  .i'XTBlOT' produoed the expected reversal 

of the sign of the average corrections. 

At 6.45 Iko/s the state of affairs is less straight! orward. 

The curves for all three types of aerial show a similar behaviour 

to those at 4-2 Hc/s until an elevation of yf is attained (see 

figs.  50, 31    32, 42, 43, and 44).     At this elevation taking of 

bearings Is l-, .--.aible over wide arcs due to the elliptioity of 

the trace on the cathode ray tube exceeding BO/*.     These arcs are 

narked "no bearing" or. the ourves.      Over the arcs where bearings 

can be taken, the corrections are large and change sign, and theru 

is a wide divergence in the value of the corrections during 

different swings. 

At 8.925 lic/s all the calibration ourves except two are 

smooth and the mean error is much smaller than that obtained for 

the corresponding ourves at 4.2 Uc/s and 6.45 Mc/s (see figs. H, 

34,  35, 45> 46 and 47)*     The two exceptions are for the Fulmar 

trailing aerial with angle of elevation of 35° (see fig.  33) and 

/for  

mpmmm 
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..,   for «te Puls** fl»d Mrta «1th tngle df elovr.tlon cf 20° 

(eec Jig.34).      Tteae rentable »jtut vf the tiBwaoXcua curve« 

obtained at 6.45 Mo/"» although the ra^tUtl«n of reeults In 

different • wings Is uuoh better« 

<tt 14*685 UB/B oil curve« resettle la aht«* thus« obUJaed 

at 4*2 Mo/«, but the nein erivr» for the mUtr 

elevations or« much larger than those for ourrea^ndlng 

elevations at 4*2 Ma/».      Fcr the larger elevation» tba wean 

values are of o^cslte «lgn to those for lower elevations«    Ibis 

la oontrtjy to what would be exacted for ^.ure "aeroplane effect"-. 

4(b)    D»termination of foe equivalent angle of trail. 

The equivalent angle of trail, «a define«. In 1^2, la 

oaloulated fron the foxnula (see .fevemiix 1, equn. lv) 

tout » • ton       octan       >•••  (4.1) 

where g • equivalent angle of trcj.1 

<•»-   "broadside" polarisation error 

ol -   angle of elevution« 

The value« of tb were determined foe all eimreft 

calibration curve», exoe^t the anonnloss ones» aa 1*e Mean 

errors over the awing and the result« ore tabulated below« 
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gquivaUnt angle of tn.il for ?ulaar trailing aerial. 

Frequency 

(lfe/aj 

Slevati• 
a 
X 

Correction 
• - « b 

Ancle of trail 
8 

lfean 
• 

*x 

if-2 
o 

• 5* 

"V27"0" 

65°         _ 

71° 

08.5° 
b 
^   66.5« 

  
10° J 

v>i • 10° 

v°j   H -    8° 

'-"2? " 
63-5° j 

12° y 66.5° t 
33° 7 -54°           1 »5 {" 

6.1*5 «.°i • 23° 57.5° \  68.5! 

4°) • 11° 70° i  
36° 7 -60° r.7° 

8.925 10° i •   3° 16.5° )19° 

.- 5°.        \ •    2° 

+ 67° 

8ü0'~ "   " 

22° ! 

1^.685 35°i 75° - 

92° - 

• 
5°. 26° 99° 99° 

TABLS 2. 

Equivalent angle of trail £<•>: Hilmar fixed aerial. 

Frequency 

tito/n) 

Elevatior. 
a 
X 

Sorvactiop 
= - e>, 

- 22° 

 7a?" 

Anglo of trail 
8 

149° 

•"' 1M»° 

Mean 
8 

KX 

W.2 34° J |ive.5° 

*° y 

0.925 28°) -29° 134° .- 

.   14-685 30° i -   8° 
• 

166.5° - 

Thu ari-ow i.vlicatea the direction of circling of; aircraft.      The sign 
used in equation (4-1) depends upon this direction, being positive for 
aountoroloclcwiae circling and negative for clockwise circling. 

x 
Unreliable results - i.e. those corresponding to the anomalous 
calibration curves are omitted in determining mean 8. 

.Je»-r- •' 
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«gut 3. 

Equivalent angle eg trail, for 3wordfish fixed jjgiS&i 

Fr«quonay 
f 

llfc/s) 

Elevation 
a 
* 

Ot rrs.-ctlon 
= -• b 

Angle of trail Mean 
8 

a» 

lv.2  «P_i_#__ 
10° 1       j 

- 28° 

- 9° 

1.36° 1- {i36° 138° 

5°) -   5* 133° I 
6-W5 10° i      J -37° 103-5° 

.0-7     \ + *° 105° Jl01v° 

8.925 31° i   "I . 21° 32.5° - 

10° i 0° 0° I * 
6°i 0° 0° f  

91° 

•  11*.685 33°1 • 52° 27° 

ii°i  n 
-85° 91° 

The values of mean 8 are plotted against frequency in Fig. 5k. 

There is an ambiguity of l80°in the determination of the angle 8,  since the 

loop D/P aerial (without sense) does not discriminate between a transmitting 

aerial with an angle   8, and one with 8 » 180°. 

As there were very few experimental point«, an approximate analysis 

was carried out to give an indication of the ahapo of the curves.     For 

this purpose an attempt was mode to estimate theoretically the approximate 

current distribution in the aerial and fuselage and from this the äquivalent 

angle of trail 8 in each of the three oases. 

The aerial current distribution can be easily determined in the 

usual way. 

The distribution of current in the fuselage was determined by the 

superposition of two pictures:- 
/(i)- 

The arrow indicates the direction of circling of aircraft.  The sign 
used in equation (lt-l) depends upon this direction, being positive for 
counterclockwise circling and negative for clockwise circling. 

Unreliable results - i.e. those corresponding to the anomalous 
calibration curves are omitted in determining mean 8 . 

• 
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(1)     feturn ourrenta of the «trid in the fuaeligaf 

(11)     Tuaslage resonance current» „ue to lnde indent 

caolllati^n of the fuaeli^e i.oting aa a half vm 

hurisontul antenna exoited by the return currents 

of the u>rld.    The effeot of fuaelage reecnanoe 

ourrenta wa» considerable in a wide band around the 

reecoanoe frequency i while the return ourrenta 

were tht prevailing factor wit the other frequencies, 

ea^eolally on lower frequencies where fi ia constant t* 

1» the oaae in the V*1 and VF bonds. 

The direotion of the fuselage resonance ourrenta 

de^iends on :- 

(1)  * The yoaition of the aerial lend relative to the 

«dd-yoint of the oscillating structures 

'   (U)      the amount of «viioitive coupling with the aerial - 

i.e. the equivalent ot.^uoity between the aerial cad 

•aoh end of the fuaelugej 

(ill)        The aign of the potential aotljig aaroea these 

equivalent oaoooUtiee. 

under theae condition« the oirouit can be treated oa a oa^uoity 

Midge la order to determine the oorreet direotion of the current. 

The resultant ourrent distribution was obtained by assuming that 

both ty*wa of ourrent sere in ohaae which la true of moat frequencies» 

In order to find the equivalent cjigle of trail,  the horiaontal 

and vertical of the ourrenta were determined und the oorreayonding 

%*tre-eBU*rea» obtained by gra^hioal interpretation.      The direotion 

of the reeultunt veator of metre-Uhyerea relative to the vertical» 

determines tht required equivalent angle of trull. 

Thia *troOeduee was carried out qualitatively,  end the results 

are shown in rlg*5A*      «a an example, the aiuJjrsls 1A the oaae of the 

Banrtfiah fixed aerial la given "below i- 

CD/  

«*4#^ 
•*.-• ->«»- 
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(1) fc.2 Ma/». 

Only aortal and fuselage return ourrents are 

important.     ?or triangular current distribution in the 

aerial, the direction of the resultant horisontal oaoBonent 

of• metre-amperes is towards the rear. 

Tor the return current» in the fuselage the resultant 

.- horisontal component of :aetre-anparos is also towards the 

rear, on aooount of the longer path of the ourrents in the 

forward part of the fuselage. 

(11) 6.15 Ife/s. 

As fi» 4.2 Uc/s, except that tail ourrents are re- 

duoed bt av.^o of the lower voltages of nearby elements of 

the aerial.     The rearward horisontal oanponent is 

therefore larger and 8 is nearer to 90°. 

(iii) 0.92? lfe/s. 

i*uselage resonanoe ourrents nust be taken into 

aooount.      (The fuselage resonates at about 9 or 10 Mo/»). 

The aerial current distribution is nearing that of the 

ajusrterwave node, but the resultant horisontal consonant 

of metre-amperes still remains in the same direction 

(towards the rear).     The resultant fuselage ourrent is 

modified by the superposition of the fuselage resonanoe 

ourrent directed forwards.      (Because of the much larger 

oapaoity between the aerial and the tail part of the 

fuselage, this excitation will prevail, although the lead- 

in point of the aerial is nearer the tail). 

The total resultant horisontal component of metre- 

amperes is practically aero;    i.e. the equivalent aerial 

is approximately'vertical. 

(iv) 14.685 llo/s. 

Fuselage resonanoe ourrents are again small, and the 

effects are similar to those at 6.45 Mo/a, although the 

horisontal component towards the rear is relatively larger. 

A(<0  

— •'••••    " ^'„"^'^S L'.Hm»--      ' •• •mmmrmm 
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4(c; Anomalies ir. Jal.'urt.tion Jurves. 

The ar.ly possible method of explaining the errors ecourrlqg 

in tue anomalous curves is to assume that there is re-radiation 

fron horizontal resonating loops, formed by the structure of the 

ship such as the hull,   the boat deolc and the bridge•      This 

theory explains all the anonalous experimental results. 

Let us aonsider a horizontal rectangular loop isolated 

in free space.      In the presence of a vertical compo.-.ent of 

magnetic field tlie B.M.F.   induced will produce large sjrrents 

«hen in the resonant condition.      This will occur   viic.i t:io loop 

perimeter (j;  is one «".valjngtn (X) cr a multiple of thij ^nXj. 

'Siaa a co-ijiu.'-." c-•     ?J 3 ure;.'c clifc^i-xoutioM 1: ~-ai oe .>!>•. >wn fait 

resonance cauiuot,  %jw' v,i.-.:. y  = j>.X .      The current dlstrtbtttlOM r 
is deoided from considerations of symmetry about the direotion 

of incidence-  Fig. 31?. shows the 1st und 2nd modes of 

osoill&tion for the direction of arrival perpendicular to the 

longer side, together with the corresponding voltage distribution. 

* In the case of the 1st mode of oscillation the currents 

produce, at points lying on the vertical axis of the loop, a 

secondary field having its magnetic component horizontal and in 

the plane of propagation.  This applies for any direotion of 

arrival. 

The magnitude of the secondary field is large because of 

the additive effect of the currents in opposite members, which 

contain the current antinodes. 

In the case of the second mode of oscillation, the effects 

of currents in opposite ic;aber3 cancel along tao vertical axis or 

the loop, aial produce a relatively small sucondai-y field at other 

points. 

Similar rsaionlug •-.; '--0.1 to hi .„her modes of oscillation 

and it am be 9 . . r. that while odd modes can produce a large 

secondary field at paints above tile loop, even modes produce 

very little secondary effect in these positions.  Therefore 

/only  

- •   l'vr,Tr^•T?^s 
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only oU modes of oscillation will bo considered further. 

Similar results will be obtained with a plane aetal sheet 

ae the ßy> ourrent» will be confined to the edges. 

This also applies to a solid three-dimensional structure 

placed on a conducting plai.e when the horisontal roof or deck can 

•till bo excited by the vertical cuoponent of the magnetic fiele 

The magnitude of the currents will, however, depend on the 

relative aisc of the supporting Vertical structure, being 

•STlnrtn whan this eise is a quarter-wavelength.  In a non- 

sysnetriaal structure, this last condition striotly speaking, 

only applies to the vertiaJ. supports directly beneath the 

voltage entinodes. 

i'hese considerations are also trae for a long narrow 

struoture as illustrated in figs. 53», b and o.  In the cases 

of higher modes of oscillation (p * }\  5*etc.}, i.e. higher 

frequencies, the effects tend to cancel out at certain positions 

above the deck and add in other positions.  This depends on the 

distances of the points considered fron tile various antinodes of 

ourrent. 

In the case of the first node, the effect is Independent 

of the horizontal direction of arrival, but for higher modes it 

becomes directive and the horisontal pattern is different for 

different angles of elevation of the incident field. 

The presence of the conducting plane makes it necessary to 

'consider also the reflection effect disouasod in para. 2c  The 

magnitude of the vertical magnetic component varies sinuaoidally 

with height, being sere at the reflecting plane (see figs. 6 and 

7)«  The magnitude of the 3.M.P. induced in the roof or deck 

therefore varies in a similar way* 

This theory can now be used to explain the anomalies in 

the practical results. 

6.45 Mc/s. 

On this frequency the cancellation angle is 31 °, and so 

for all angles of elevation near this value the horisontal 
/magnetic  

J 
i 
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nagaotlo ooriponoBts of tho prlnory flolA aro alnoat oaaooUod, 

and too-boatings obtained aro dotoxuinod aololy by ro-radiatlon 

offoota.   Ovlng to tho rapid variation of horiaontal ocnpoBontt 

With olovntlon anglo a in tho vioinity of a oanoollAtion anglo,. 

«von a snail variation in   (o.g. 34   to 36°) oan oauso 

oonsidorablo difforonoos in tho oorrootion ourvo.   This is 

Ulustratud by the ourvos of difforait m.ings shown in PlftVjO* 

It la dlffioult to dooido In this oaso \/hioh is tho min 

source of ro-radiation, as any typo of ro-radiatar would givo 

ourvoa of the orratio foxn obtainod.   It sorris, hooovor, that 

tosonenoo of tho nain dook as a horlsontel loop (JX aodo of 

osolHation), nakoo aas oontribution to tho orxors.   On this 

relatively law fruquenoy, tho ourronts in this horiaontal loop 

aro snail booauao of 

(i)    tho rolativuty auall vertical oonponont of tho 

nagnotio fiold at this height (Boo Pig.6}j 

(il)    tho low inpodeiioo of tho vortiool supporting 

stxuoturo height (uuoh loss than Jj ^. 

8.928 Mo/a. 

On this froquunoy tho ononolous rosults ooour for anglM 

of olovation boiwoon 28   and 36° in tho oases of tho Puliar 

trailing aorial and Pul-.»ar fiaod aorial. 

Binoo tho oonoollation nnglo for this froquanoy is only 

22°, and sinoo no onaialous offoot ooours with tho Suordfish 

fixod aorial ovon with on olovation anglo of 31°« the aacualios 

oannot ho duo to oanoollation offoots. 

5fwo horizontal loops oan rosonato at this froauenoy» and 

theao appear to bo tho oauso of tho anonolios.   Thoy aroi- 

(i)   Boat dook (p a 3x Soo Pigs. 53a and b). 

(ii)    ilain dook (p «5 X Soo Fig.    530). 

Ouing to tho snollor Magnitude of tho exalting (vortioal) 

nagnotio oaiponont, tho slightly groator distanoo frou the jfo 

fraooooilj tho higher nodo of oscillation, and tho anallor 

iupodanoo/ ., 

'««*»~ • 
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Impedance of the vertical supports, the cffest of tlia min deok 

resonance is considerably smller than that of the boat deok 

resonance and con be ignored. 

The rapid variation ar.d change of sign in the anomalous 

correct lor, curves for the i'ulnor with trailing aerial can be 

explaind by tiie directive proporties of the oscillating deok. 

Two particular case» ore considered, for incidence 

athwartahips (Fig. 5Ja) too. al.:ti£ the fore-aav-aft line 

..»ig. 53"^) for an angle of elevation of 35u.      In the first 

ease,  the piiaj-j äiff-jwx.jc betw-ten the field editing the 

opposite ed^ca is ^/," and us tU» currents in the edges are in 

the same direction!  this small phase difference will only 

slightly reduce the excitation.      A similar consideration applies 

In the second oaao.      Thus, excitation occurs for incidence along 

the f oro-ardai't line and this is responsible for the large 

corroctiona on V/d bearings around 0s and 100°.      As the " 

magnetic cocnpone-.it of the secondary field lies in the plane of 

incidence in both eas^a, and as the phase of the secondary field 

varies with the direction of incidence,   large errors are obtained 

fore and aft, ard large blurring and therefore no bearings are 

obtained a thwart ships. 

.   The case of the Fulmar fixed aerial is not qiiite 

' consistent with this explanation (especially the shape of the 

jurve round 150°), but the data obtained is insufficient to allow 

any further analysis. 

, The absence of anomalous effects in the case of the 

Saordfish fixed aerial oan be explained by the fact that its 

equivalent angle of trail 8 on this frequency is 160° (vertical). 

Thus, no vertical magnetic component is present in tho field' and 

the horisontal loops are not excited.     This case,    "s.• supports 

the explanation in terms of the oscillation of horisontal loops. 

H-6B? Mo/s.. 

On this frequency all the ourvos «re «Booth and no large 

/variations.... 

S*—a 
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variations «bout the average «rar ooour.     There i», howrsr, 

a ohange in sign af the average error as the elevation angle 

increases fr.-» 10* to 33° (fii;»- 36 and 38).     This cannot he 

explained in terns of pure abs<%.lane of foot taking sea 

reflection into aooount. 

Measurements were smde for elevation angles (5° . 10° and 

11°, and 33°) differant from the cancellation angles (13° snd 

42.5°) on this frequency, and so the results oannot be due to 

oanoellation effects.      Also, as seen froa Pig. 1-, the relativ« 

phases of Hx and Hy (horisantal nagnetio components of the field) 

have the same sign for all elevation angles, and so the change in 

sign in the errors cannot be explained purely in terns of the 

primary field. 

The amni-direational nature of the effect suggests that it 

is produced by re-radiation from a horizontal loop oscillator in 

the ship's superstructure situated almost symmetrically about the 

D/P mast and rasonating in its firat mode on or near this 

frequency.      The bridge structure satisfies th«3e requirement!.. 

A simplified diagram of the bridge structure of H.M.3.  3AUBURH 

is shown in Fig. 51b, and it is seen that the semi-pei looter of 

this structure is approximately 11 metres.      This will resonate 

as a full-wave horizontal loop oscillator at 13*6 Ha/a, and,' 

since the structure is broad, the resonance peak will be 

correspondingly wide and may reasonably be assumed to embrace 

the frequency under consideration,  14-685 Ifc/o. 

The height of the vertical supporting structure is suoh 

that a considerable voltage will be maintained in the oscillating 

loop. 

This oscillating loop will produce at the X>/f frameooil, 

a nagnetio field (H,) which will always be horiaontal and in the 

direction of inoidenoe of the primary field.      (i.e. in the 

direotion of H^).      The magnitude of Hs at the bridge level is 

comparable with that of Hx snd Hy at the V/T frameooil for both 

/elevation  

-I 
's 
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elevation angles, am for «ho ewXl «One of t(35**), aaaunod 

in tig. 7. Tho phoao difforonoo bot./oon Hz at «ho bridge lovol 

ana H end H„ at «ho 3V^ fraioooil is 0° for olovation angle KJ° 

end 180° for olovation anglo 35o (3oo Tig. 7). thus» ha ahoun 

la Fig. 51o, Hx and H., add at a • 10° and subtract a« •• • 35°, 

and «ho vector diagrer. shows oloarly «ha« «ho sign of «ho orxor 

la rovorsod aa a roaul« of «U.a. 

I« should ho poaalblo fron «hoao oonsidorotloaa to oelaulato 

«ho puro polarisation errors, and thus «ho oquivolant onglo of 

troll. Tho aoouraoy of «hoao oaloulationa la» hovovor, very 

BBBXX awing to «ho largo variations in «ho valuoa of «an * for 

•sail variations in * vhon * is noar 90°. Tho oquivalon« anglo 

of trail, «horeforo, was ooloulatod for anaU olovation angles 

only* noglooting «ho snail offeo«a of «ho re-radiation fron «too 

4(a) teaflattaaB «if vw matt« Ka&a* 
Tho data obtained during «ho too* run» to invoa«iga«e tho 

poaaibiliUoB of «ho »orbiting« nwthod aro plotted in Vies. 5$ - 39. 

These flights voro nado alloying all «hroo typos of aorlola 

with «ranamaaiona a« 4.2 Mo/a, and «ho Vulnar «railing aorial 

only a« 14.685 Mo/a.   Tho graphs ahou «he "l/P «ruo* boarlng 

obtained by oorrooting «ho X)/Sf boaring fron «ho eurf aoo calibration 

ourvo.   A auoooaalon of obaorva«iona was taken during each orbi« 

and «hoao aro plotted aa a function of «if».   A aoalo of dia«anoo 

haa boon oorrolatod to «ho «toe aoalo by employing tho navigational 

fixoa ob«ainod by «ho airoraft during flight.   The curves of 

bearings obtained during «he orbits aro indloatod by a dotted lino. 

Tho orror in tho noan of tho oaetrono • V? «ruo" boariaga fron tho 

oorroot «ruo boaring for oaoh orbi« is given in «ho aooonpanying 

graphs of "aoouraoy of «ho orbiting nothod". 

Bearinga voro also «alcon botuoon «ho oibita when «bo 

airoraf« was flying along its pxoaoribod straight oourso.   The 

plota of «hoao observations in «ho Figo. 56-59 aro Joined by a 

/chain .... 
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abbin dotted curve-     It 1» considered that the errors which 

mrm quite considerable at the aloser range» «re caused by "drift" 

of the airoraft.      This would result in the transmitting aerial 

not lying in the plane of eight fron the Ti/f loops and an error 

in the hearing would arise. 

K{*'j Anomalies ir. polarisation errors at erasing incidence. 

An attempt was made «using the apeoial aerial (see fig.  1) 

and para, in) to ascertain whether any increase of polarisation 

errors occura at grazing incidence as might be expected from 

the discussion in para.  2c.      The experiments consisted of 

hearing determination for an aircraft in a straight flight out 

(60 miles) from H.M.S.  SAUTBURH and back.      Tils special aerial, 

however, did .:•/- have the required -equivalent angle of trail in 

the transverse direction and so the results of the experiments 

were useless. 

Some infocwation on this subject can be obtained, however, 

from the results of the orbit, r^ experiments described in para. 

ltd., although these experiments were not carried out for this 

purpose* * 

This information has been obtained as follows: 

The magnitude of the maxrumm polarisation errors at each 

oruit (hu.ij' nf the total bearing variation) for eaoh aerial &aä 

belebt of fJv.V" wre eWspglnea ftp» legs. 56-99 and plotted against 

distance (see Figs.  60-63).     In eaoh case, the apparent 

equivalent angle of trail (A - see para. W) was calculated fron 

the formula (iii) in the Appendix I (substituting A for 8), for 

eaoh point up to a distance of approx.  20 naut. miles.      The 

average value of A was then found for eaoh case.      The 

measurements for distance's greater than 20 naut. miles were not 

taken into aooount because beyond this distance the effects of 

grasing incidence were expected to appear, whereas at smaller 

distances the errors should be purely polarisation errors. 

From the average value of A the theoretioal curve of 

/' 
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•wir*— polarisation error «»inst distance was plotted for 

distances «9 to that corresponding to tin« aircraft horison- 

Zt was expected that any error« due to grazing incidence 

effect» would appear a« an increase in the polarisation error 

above the value in the theoretical curve.  The distance 

oorreaponding to the pseudo-Brewster angle for the height in 

question is marked on the curves. 

There is good agreement between the theoretical and 

experimental values, both for the outward and return flights, 

except in fig. 60 at distances around that corresponding to the 

pswudo-Brewster angle-  Here the experimental values are 

approximately teico as large as the theoretical ones, although 

these are small, being of the order of 2°.  There is a similar 

• tendency in the results shown in fig. 61, although there are 

very few points around the critical distance, while in fig. 62 

and 63, because of the absence of points at this distance, no 

conclusions can be drawn- 

It seems fr.in this that certain grazing incidence effects 

do occur, but these appear to be relatively small.  (Some 

aurface wave can be expected for these heights of flight and 

this would reduce the errors obtained).  Because of the 

smaller number of observations and observational errors 

comparable with the errors under investigation, however, no 

definite conclusions can be obtained.  It is clear, however, 

that the effects are not serious from the practical point of 

view for the average typo of aircraft aerial and the altitudes 

of flight investigated (up to 3000 ft.) 

4(f) affect of banking on equivalent angle of trail. 

There is certain disagreement between the values of the 

.  apparent equivalent 9ut£jv. of trail (A) obtained from the 

orbiting results slid the equivalent angle of trail (8) 

obtained from the aircraft calibration curves.  This difference 

in value is due to the banking of the aircraft while making 

circles of snail diameter in the orbiting experiments.    . 
/This.. 

4 
i 
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This banking causes a variation in the horisontal wd urtical 

component» of the equivalent aerial as shown in rig. oi», - d 

thai results in an apparent increase in the equivalent angl: •< 

trail.  From the values of I andd , the banking angle of the 

plane (ß) can he calculated from the formula £.ivon in fig. 6V 

For (using the ayribols given in fig. o!,}. 

tan 8 = a 
V 

tana » u 
1 v sinp 

Hanoe cosß /tan" 8 *"T 
tan* A • i 

Values ot'ß were oaloulated in eaoh oaae andere given on 

the corresponding figures. 

No observations were made to confirm these figures hut 

they appear reasonable from consideration of the type« of planes 

and their speeds. 

OCtOUlSICKB. 

5(a) Limitations of the present D/fr procedure when applied to alroraft 
navigation. 

From the results of these trials, it appears that the 

present V/P procedure emcloyod for surface transmissions is of 

little use for airoraft transmissions, sinoo at distances less 

then approx. 3D miles polarisation effects and the anomalous 

offoots described previously become too large, and beyond 

3D miles there is the possibility of receiving sky wave 

components. 

The possibility of providing a modified form of this 

prooedure by carrying out calibrations frith airoraf t transmission 

is impracticable owing to the large number of. unknown variables, 

suoh as elevation and inclination of the aircraft, type of aerial. 

etc 

5(h) Improvement of Accuracy. 

In order to improve the accuracy of the present H/P V/f 

outfits for use with aircraft, two possibilities appear to 

require consideration, although neither will give a oompletely /satisfactory.. 

y*V«* ,,.T'-' 
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* satisfactory solution. 

(1) Dsvalopnent for UM in aircraft of a fiasd ««rial having 

pure vertical polarisation- 

(ii) Application of the special M/9 procedure, which requires 

"orbitiiig" t*vs aircraft an the fixed true bearing' 

Tho rc.jurrod bearing is -iven by the mean of the ten 

extreme readings corrected from surface calibration. 

This aethod can be applied with the existing V/F 

equipment and typea of fixed and trailing aerials at 

present «nployed in aircraft. 

5(o) Discussion of tiie design of a Special transmitting aerial for 
uae in aircraft. 

A special aerial (mentioned ir. para. ;V(i;) requires 

complete synmetry about the vertical axis of the aerial system, 

including the aircraft structure itself acting as a oounterpose 

oarrying the return currents.     Thia seems to bo an impruotiaable 

solution as no existing aircraft conforms to this requirement. 

It would probably be possible, however, to find a site for the 

transmitting aerial giving a reasonable approximation to the 

requirement, at least for frequencies below the resonance 

frequency of the aircraft fuselage (i.e. approx. 3 iic/a). 

5(d) Application of the "Orbiting Method". 

"he second suggestion of para. 5b may be rathe 

inconvenient in operation but, nevertheless,  secures a reasonable 

aoouracy in D/P-      Tho experimental results confirmed a vary 

large increase of accuracy even in the case of "homing' 

procedure.      In the case of transversal flight,  this procedure 

is indispensable for obtaining bearings of any reasonable 

accuracy. 

5(o) Possibility of range estimation by the "Orbiting Method". 

The same "orbiting method" might allow range estimation 

by the determination of the amplitude of variation of the 

bearings.     A very large number of factors would have to be 

taken into consideration, however. 
/These. 
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These include typos of aircraft and aerials, frequencies, 

altitudes of flight ana banking angle of the airoraft conoerned. 

5(f) Application of the results for the analysis of Di/F on sky wave. 

Tue explanations of the mechanism of the anomalous ef feota 

obtained ia these trials find oonelderable application in'the 

analysis of the possibilities of n/t on sky w»ve using shipboriM 

H/» IV* outfits. 

Srrors will ooour even with polarisation-free instruments 

because of: 

(l) cancellation effoot; 

(li) re-radiation of horisontal loon oaoillator». 

6.     WflFQBBD ggTOg TRIAIS. 

These corv-lusiona apply qualitatively to the H/f X)/f 

installations in o.^->rvSt carriers but because of the much larger 

oorreotiona ar.s>ing ...   aorfaoe aalibrations of these vessels than war* 

•noountered in H.tt.S. 3AÜTBÜHH, the magnitudes of the effects nay be 

larger.      In the oase of airoraft oarriers, the surfaoe oalibration 

oorreotiona are due mainly to re-radiation from the hull and the 

nagnitude of this re-radiated field is particularly dependent upon 

the abnormally polarised ooaponsnts of the downooming incident field. 

In addition, the height of the D/P loops above the sea surfaoe, 

whioh is larger in airoraft oarriers than in K.U.S. SAMBURN,  should be 

taken into aooount as the variation of tho relative phases of the sea- 

refleotod and direct waves with angle of incidence will be more oritioal 

in the oase of airoraft oarriers, i.e. more cancellation angles will 

ooour for a given frequency. 

It is considered desirable to oarry out additional trials in an 

airoraft carrier equipped with outfit FfDt*  Svnh trials should b« 

limited mainly to oheoking the aoouraoy of the "orbiting method", 

provided that this method is aooepted for operational work.  The 

repetition of a few calibration swings with airoraft flying on 

different elevations, may be advisable. 

The effectiveness of the "orbiting method" should be checked 

at the "oanoellation angle" and the limitations of this defined. 
/Special.. 
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•780. 

3peoitl ohexts giving the 

BMP»  'A> 

"cancellation angles* for a given 

height of SA 1«*» »bov« th" »•* •urface *"* aiff«'«nt freojienoUa 

should be ooafmtsd and verified experimentally. 

?or theoretical interest the phenomena oooarring at grafting 

inoideooe should be farther, investigated. 

mm m... 

*M'£i •:-r ^Vv:>rs **• A-" 

k 
!^5T3C*j«C»».^ "5*" -1.  ..J.>P-i- 

*»--« ^»••sreir"''-     -ST3 •rrat.-^"»' 
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' ABHPPgl. 

gquation for aeroplane error («0 in 
t«BM of elevation [g) and~"«q.ulTalcnt 

"angle of "trail (>)• 

this is a wall-known f omul» but 1« included her« for 

olsrltgr- 

•otatlon (see Pig. 65). 

h s height of the airoraft above tha ground. 

• d * diatanca fron direction fInter to the vertical projection of 

toe aircraft on the ground, 

a > ix.gle of deration of the airorof t «assured from th« direct ion- 

finder 
. # 

8 » angle which the "ideal" aerial makes with the vertioal 

("equivalent angle of trail") 

,   0 m direotion of travel of the airoraft relativ« to the line of 

eight (inclination). 

c s error in D/V bearing. 

from Fig. 65- 

•in e 
»in (ff-e) 

i.e. »in * 

tane 

I**»» 

tan a tan I      (i) 

(sin 0 cos e - oos 0 sine ) tan a tan 8 . 

tan a tan 8 »in 0 
tan a tan 8 oos 0 • 1 (Ü) 

Values of e against 0 for various values of a antS • 35° «re Plotted 

la fig> 10. 

Two speoial oases will be considered. 

(a) then {JM * 90° or 270° (i.e. 6 -e « 90° or 270°) 

Xn this oase AC is tangential to the oirole and s is 

From (i) sin cm = + tan a tan 8 ..(iii) 

(Positive sign corresponds to anticlockwise circling and negative 
sign to clockwise circling). 

(b).Vhen 8 = 90° or 270°.  Here the direction of flight of the airoraft 

is perpendicular to the line of sight, and the value of e under these 

conditions has been defined as the "broadside" error e^.  This is 

the condition which occurs when an aircraft is circling round the 
/direction  

•es» 
.'jpM./ft. V »«»V, 

•»»••»•••••••••««•••»••••«-•-Mea 
i 
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ttxootion flaflor, onfl    la too «abw obtained Igr «twmgins «ha 

orrora ovor A full «tog In «bo olroroft oalibratlon snmi. 

<8«w pan. *£ aafl Tigs. 27-38). 

Vsaa 09m. (11) \.bon §-90° or 270° 

ton «fe • + tona tan  |    (it) 

(Poaitivo »191 oorroaponds to onti-alookulao «rtmllng and 

aogeitiw «don to oloolc-iao olroliag). 

Vhon a 1B largo oajporod vith h   tan • •$ thon 

^ iflB +   0    •      90° aafl in thie oaao «bain 

f 

*1***J*<y^aPjfe^     aJKal^yi^^^t -£»   **- •" •" 

C.T*.»* ••»• 
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DISTRIBUTION OF AERIAL AND   STRUCTURE 

CURRENTS  IN   AIRCRAFT 

FULMAR-FIXED AERIAL 

FIG.   1 

<•? 

: ,*» • 
..?. ,.'i_ . 





GEOMETRY OF REFLECTION 

BY RAY THEORY 

rr/r' •/ >/?/ w////v/i 

FIG 3 

(a) NokMAL   POLARISATION (b)   ABNORMAL    PciAfc;V\l ION 

V)     f   — PHASE    SHIFT    BETWEEN    PIMCT (Hrf) 

AM i  SEA-REFLECTED(Hr)    FIELDS 

(ii)     tlc — CASCtll ATICN     HEIC.hr     FCI»     VLHTICAL 

AERIALS   [FOR p«(2n+l)TT] 

(Hi;    nil— CANCELLATION    ANCLE     FOR    VERTICAL 

f>    -   4trhsine( 

L-   .  Man + 0 
4 »in * 

AEHIALS 

W   I»«"-   CMCCUATIOM    HEIGHT    FOR   UORaoMTAL 

4n 

AERIALS.   (FOR   j»   *    2o . It) 

(V) etc- CANCELLATION   AHMS    TOR    HOMXgmitk 

AERIALS 

"«•-fÄ «at 

Sm««-"c « fr^ 

MAGNETIC COMPONENTS OF THE DIRECT 

FIELD FOR THE IDEAL TRAILING AERIAL 

I cos Ice« ex 

Ism* 
l»ntf 

nUf«  

Icpsi* \ 

^sw. 
FIG 4 
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AIRCRAFT WITH *»DEAU'  TRAtUINQ AgA»AU 

*Nei.< am «U*VATI©I>. of mmem»0TtC- 

Fie.6 

MAXIMUM DEVIATION £*   Of C/F    MARintC AS  A mjUCTIOHl ©T TV* 

HMOeNTAl.   OlSTANCK J 0* AlRCR*»*T   MSM  THC   DIRICTlON 
PMBt*    TOR VARIOUS    AuTirufiKS b   O*    TMR   AIRCRATT. 
AÄAUMirXO      AM   aautVAUSNT   TRAlUISO   ARRlAU  INCWHSKO RTT3S* 

To   THC  VKRTlCAL.^COBE—PONPlNO TO TUB   AVERAGE 
LOO APIKRO ASRlAUtAPtO   N*G*-*CTir<fl   &BOUNO ReFURCTION. 

i ! 

7        lo        15     ae       3o Co     7o      oo 
XCNTAi.   BISTAMCC «^   OP   AUCRAKT   PROM 

»«SCTiOtM    FiHOCR    »*    SSA   MIW6S •» fi*9 

tri»'i* iü*- 7 
*••-»..  .     *N    -' 



AIRCRAFT    WITH   'IDEAL.' TRAUUNG  AEfilAU 

oeviATio*^ w' )/F   ee*«5'NwÄ   AS   A  PUINCT.ON   OP 
-IAHT   Ö   P«"*  \»Bi«9>-»S THE     B-SCCTION    0«r    F 

Ck-evA-ruiMS oc   OP  TME  AIRCRAFT 

PUAIS«. 

Fig >Q 

*• 2C.3 "NT F^     =KV1.«A^^|w^^3^Sy5M^|^g| 
TüMTf/^CH w 
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NORMAL AND SPECIAL FIXED H/F TRANSMITTING 
AERIALS IN FAIREY "SWORDFISH* AIRCRAFT 

Scm.c OHE Lew To Six FEET 

*5Sr 

\        SPECIAL rtxeo 
\      / . ACRUM.. 

.— 

^— 

1 

1 
 , 

»n«»>ALtY      iWNA'-    «lAMI»M«tNT     OHO,    *« 
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• »•••(«(•••I a* a •• 'i v   .»•• ••••«*••••• •• •    a • • L »     * « *aa <••••••*•» 
• ••••a«Ua»a«a>a« aa..»  • i*>i«li)Ml<Pi(IH <* a »aa,      ••••••#••••«•• 
 iliaillllMI     ••*> •••••••••r   •MI>U    -••••»«»*•••#•• 
• ••»••••••«M* +«     • a a« aaaaaaaaavaaaaa  »•« •»*•    •• • • t*M>li*ll 

>•   at 

%   8= 
• ••«•••«•••<••••*••      *a«««a fl«l>MM ll—IH   IHItfUil   taf•««aaBBBBa 
i wimiMI- .upMii iwmwn<iiiit*i «•«•iavUi    •*••••••«•** 
•••••ntir<nt*> a «•»••* wirtw»f • •••in»i <•••*••«> •* imninn tiWMtw<w«i«f.«IHH» U|H|«M«nl»tM»i fH»fll  '    aa«JM««h«aaa 
•• araa »aaVaaaraaa •-?   f>t«t«»l»ai>««ll>I|M'lll«tHtMM>l   la «ajBBaä««a*a 

«9 
I." Z 
15 

«•   fti '      ol .-...»•••- «MUM»« •*•«•»•••« ««»«a •«•••«(, *••••* <• ••«•••««• 
-••»•••••     •••••*•••  aaaaa«aaa»«*«i>Baa.aaaa>ai«a«j«i aaaaatfc«»« 
• .<••••>••'   «tn4 ••••••   lUIIUHMllMIIKttll   *«*«^ »•*••«••*• 
• •*••*•••    ••*-••»«• •«•••••••••••••••••«•••iMti taaaaakaa« 
an aaaaaa. ••aaaaaaa aaaaaaaaaaaaaaaaaaaaaaa.  •••!. • •!> ••••••1 

spa uo 
Ecu 
8« 

1« 
t * 

••••••••*••>•••*••••«•>•«••••>' ««a»»•••«• ••• • • •••••••••• ••«»*•••««• •»  ••••*•••••• 
• ••••••••••••••••»«••••»••«••I araavaaaaa aaaaataaaa •••aaaaa-aaaaa.'aaa «•••«•«•••I 
aaaaaaaaaaaa«a«aaaaaaaaaa v-..*»*a.«.«aa*- ••••••(•••••(•••iiuUitiiii .aaa««a«a«*i 
»••-•»• ••» ••••••«•••••>••• aaaa •  laaaaaa*» ««a«aa«a««••••a•••••••••• '••  (•••••«••«Ml 
*•••«•• •••••••«•Ma« «•.••••>»••»-••••<•••• iniiiMti •••••*• •• •)••«•,• t a a •«•••••••««air 

 •••••iHii«» UMiiMH: -•••••• ••••••••••••«•llaift Baaatjaan liiWintlii 
aaaaaaaaaaaaaBawaaaaaaaaaaaaaaaaaa. '••»•• •••••••••••••••••Httitiaiii*    a- a• «•* *••<• 

»••••••••••«••••ka»Mi**i«kwa<.  imnaikliiiii ••«•••HfiiMUti  f. a •••••••*If 
• •••••••••«••••••••••••«•••t'ai    1-. >«••••>>•••••»• IIHIIAIIM   .*.xaaaä •>•««« 

• ••>••••*•••••••••-••••••••••••••>.-•     * •  ••(••••••••••••»•OlUIIII«     an •««•«••••• 
•>«••• •••«aaa«*«*••«•••*•«*«•• ••••••••A     •••••••••••••••••••••••i#r    «•* vnttMtr 
• ••«««•••«««•«••••«« -••.•••.•••-••.«~...     .,»««.^»»«f-..••*»««»••»»/ •iiiti >••«••(• I 
 ••••••••••••••(••«•(•«••»••••••H*.    ro^.nixiaiiaixiiar«       mri itanltll 
4iiii •aaiiaaiiiaaaixaaaiiaitiaxiaik     -n>«)aiaaaaiaillla'll M •*• a« ••«•>• «a * 
taaanaaia a t<aaaaai>aa»Maa>aaiant,     •tiiinmiaiani'   ]•••« aaaaaaliil 
• ••>•••• <• >aaa.ataaaa aaaaa«aataa«U*U«aP«a*ata.     < (raaioiia* >a*     aa„a.aaa»*iaaa.*l 
• >•••••••*•••>••••»•••*•>•••*•>- •••«•««•«a a a •««•«•••     iaiaaaai)iit    ••aar IIMMMIII 
• !••• •• •••limn ••••••••IIIKIMIIK     'ixiaiaaf    ••«•••••riaa tali 
• a • i > ••«uiaaaiiiiauiM       '     llll'.iata|||H*H 
• iaaaaiaaa*a«iaaaaaaaaaaaa»iiaiiaaaat>ta -aaaataaiiataa'i, •**•» .••••4*>««i&ll«HI«|ail 
aaaaxaaaaaaaaaaaaaaaaaaaaaaaf .t.«an«n n««>i«an«».i.a    a.     -*    a« a*'   • •••aaa-aaaaaa, 

I.aaa.iaaaaiaaaiataaaaavaaaaataiiaaaiaaiaaaaaaaaaaa     aas.  niiM <ii<uiialtiilaai| 
• aa»iaaaaiaaaaiaaaaia«> iaaaaaaiaiiaaaiiaa).  /««»' aaaaa    »a_ -    maaiaalaiaaial 
• a a«* a •• a a aaaaaaaaaa «a« ••••••« aMaawaaaaaa aaaaaaaaa« »Baa Mall mti a«« «««aMMlU 
 >aa aaaaaaaaaaaaaaaaaaaaiaaaaaaataiaaaiaifian , •••a.i a, ;*. aaaaaaaal 
• •ti...MiiMiiiaiMM<aiiai><i>ika>iMiiiMMiial>" ••••• iiaaritlll, <fH(«IU 
<a«aaaaiai*aaaaaaaaaaaaaaiaaa< •«««!•••••• laaataataia a laa««- mar , latiaii^-acataial 
• •••aiataiaiaaaaaaiaaaaaaiafiiaaataaaaM'aaai.iaiaa aaiai ••>•'. •. null r >lUi 
aaaaaaaa«aa«aaaaaa«aaaaa«a*ata«*iMai>«*»liai«ll«tai )«•«« iaiai •••.iiiHir •«••11 
a-->aaa«aaa«aaaataaaallaaaa*iaaaa»iaa«*alall*t*f|i(i'aaaf iaai<aaiiaaD*iar i. taiiM 
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa«a«a*i*ailiHKi»la Ji«ia    a a at' a« a a a «an «a •„• a a« aaVanaJ 
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• aiaa>aaaaaaai»aaaaaiaaaaiMaaaaa>aa>«a. >a>>' a '«aiaiaaitMHaM ••• ••««a 
aaaaa»aaaaa«aaaaaaaataataaaa*aaii(aaaa*a*aaa*i     ••••ta^aaaaatai    MUiUal 
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1i D/F ORBITING METHOD 
(TEST RUNS) 

FULMAR - TRAILING  AERIAL FREQUENCY 4-2 MC/S 
SPEED IM KNOTS HEIGHT    5000 FT 

*>» — 
•M1 4 

mmgaPTOPT 
OUTVARD  FUCHT 

i 1 ' ~r-~l      III*! 11 t-" 

->••'•'• I     *  !f 

iwfXXLJg   1     ; .1    l,vM-rl   ' r4--j-f I 'ITl    '    ' ' I ' ' ' " 

mr.   ••  .'   fit,   |. 44-   ,   11 .   IT; II    : r- ' ,! ' i  f" 

.ir ; - , , i . i • 1 i . -I- — —r-r—•'. I i i I • M—Mi1"—r- i i : *-" " "+ 

mm .., i. .111 1111 

S3 

11 
in 4T^ 

: w •H- 

-H- * i' * * 
itt 

TIMf     |N     WINUItS 

» • «—44 1 r   •: •• i! H 11.,,»., ..y-, ft 

J       iHlHHHlltlilltHffi^ 

DISTAMCC   IN    NAUTICAL    MUCfc ) «p- 
• 4o so 

H i ii • 

11  i. i 
+-f+ 

— 

Tr I 'I    ! Ill • it—t t i i i •*- 
ACCURACY o»    - 

OWtlTINU MtTMOO- 

r 

—•-I.J.-t.-l.J.^ 
•h- -t-H—I n—! r 

111111 11 • 11,1111 LU 

I' 

it 

ft 

r r-M- 4-H4-I- 

-M- 

r I I 1- 
i;-R ii fi; riTT-- t     • H 4-~*4-'-H ' >-—t H- t-r 

r**r^-#1" I i ?t     a    *J " ' .""       ^^ COUMU or FLIOMT I 

-r 

3 RETURN    FLIGHT 

1111111111 
Ml1.—M-4" 

S3E 
V 

Wtm 
ArWWAlTV      ?'CNAL     CaTABL«HMKNT      I«t> 

»*  •        «      " ' . MM 

FIG..56 

> 

9 



f« 
0 'g OgBfflMffl N'ETMQS 

MRISMT 5,SO<?gT 

ruuMAR-FIXED »ERA. 

:;••:. 

.... 11 
4-H ill1!' .1.....   \. -i 

7 
a 
a 
a 

u 
fl 

»a 

wu II 1 i i r 1' 1 i r i 1 i r • i 1 | • 1 1 1 ' 1 ' rri 1 | ; 1 1 1 1 ' 1 M ,+r ±::::::::±:::::± 1 .; II"" RCTCR»»   FUCHT 

i              •   t •' ' i ' i r:     r-' '            1  ; 
1                               ' ' ! ; 1 t                         1 - t w ' . ! 1                              1 

" "  i 
1+                            i ! , \\ 1 1                              L 

j 

•rfl .J* 
::rji^W>-7~r*.4 fl :::3:::i£:± • J»«   »4TP !            II tiT 
11   T!   t       Tnr 

II! 

t                  ' 1        M                  ' !    ! 
r?rf " ft tst X H (__ __LIII 

J ," -{--*-    -«-     r1-4- :~ 
ft 1- i                                . . ; t:::: .:.....:,...:; :.ll ± L. ::: : 

l4tf   • 
»• •] - 
1     ! " • -] -     -    +44- i -              — 
I      ' •1        v rtr- ±:::::::::±::: 

'~ I 
ia  1                       sv>l 

1   <*- J1WB    >N M NU««S 
1    SiT«v;i IN Mty.TiCA». 

.      -       -          1                10              J,o 

40                                3o 

MiuBS-l» 1 
40             JJc              £0 

41-J 4 V • •- 4; 1 1 1 
44-- S:±±I±::"::3 
rii1        r    If     1 

IV   1 I-UU4-4 11 
id' • !' 
A* - ÖS   E::S    :ffl :±::4ilÜitlit I ;i' . 1    I« „. n ., .in. tr+l TT^:X.: 

H „ to- -4 

Fig. St 

••%-,a*».-r> 3,^-.*»- •TWhitHMWNTPWa-W 



D/F ORBITING METHOD 
(TEST RUNS) 
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